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ALTERATION OF RAB38 FUNCTION TO MODULATE 
MAMMALIAN PIGMENTATION 

FIELD OF THE INVENTION 

The present invention relates to compositions and methods involving 
melanocytes. In particular, the present invention provides compositions and methods 
involving RAB38 and mutant EAB38, suitable for use in modulation of pigmentation 
and for use in determining the means to diagnose and/or treat conditions associated 
with disorders in pigmentation. 



lu BACKGROUND OF THE INVENTION 

kJ h 10 Melanocytes are specialized pigment producing cells that are responsible for 

j=j coloration of skin, eyes and hair. Coat color alterations resulting from melanocyte 

%D defects are easily identifiable in mice. These mouse mutants are proving valuable for 



PI the identification of candidate human disease genes and for the elucidation of 

^ mechanisms underlying cellular function. To date, there are approximately 100 loci in 

CO 15 the mouse that, when mutated, affect pigmentation. However, the underlying genetic 

O 

qj defect has not been identified in about 60 of these loci (See, The Jackson Laboratory's 

Mouse Genome Informatics web site). 

Disorders with reduced pigmentation can be placed into two groups according 
to whether they affect melanocyte differentiation or whether they affect the function of 

20 the pigment producing organelle in the melanocyte, the melanosome. Examples of the 
first group include Piebaldism and Waardenburg Syndrome, characterized by a 
localized absence of melanocytes resulting in "white patch" patterns. Genes affected 
in these disorders, KIT, AfflT, PAX3, SOX10, EDNKB, EDN3, are involved in 
specification, migration and survival of the melanocyte lineage (Jackson, Hum Mol 

25 Genet 6:1613-1624 [1997]). Mouse models of these disorders have characteristic 

spotted coat patterns (Jackson, Hum Mol Genet 6:1613-1624 [1997]). Oculocutaneous 
albinism (OCA) I-IV, Chediak-Higashi Syndrome (CHS), Hermansky-Pudlak 
Syndrome (HPS) I-IH and Griscelli syndrome (GS) correspond to the second group. 



- 1 - 



The molecular defects contributing to the reduced pigmentation in OCA occur in genes 
(TYR, TYRP1, P and AIM!) that mainly effect melanosome formation and the amount 
and type of melanin pigment formed (King et al., in Scriver et al, (eds.) The 
metabolic basis of inherited disease. 7th ed. (McGraw-Hill, New York) pp. 4353-4392 
5 [1995]); and Newton et al, Am J Hum Genet 69:981-988 [2001]). Genes responsible 
for HPS, CHS and GS are involved in the regulation of vesicle traffic including 
melanosomes within the cell and include HP SI, AP3, HPS 3, CHS1; MYOSA and 
R4B27A (Jackson, Hum Mol Genet 6:1613-1624 [1997]; and Marks and Seabra, Nat 
Rev Mol Cell Biol 2:738-748 [2001]). 
P io Although many genes have been associated with pigmentation disorders, in 

H view of the genetic heterogeneity of these disorders in both mice and humans, there is 

=P a nee d in the art to identify additional candidate disease genes in these and other 

iQ species. 

ru 

■ SUMMARY OF THE INVENTION 

D 

H. 15 The present invention relates to compositions and methods involving 

U melanocytes. In particular, the present invention provides compositions and methods 

□ involving RAB38 and mutant RAB38, suitable for use in modulation of pigmentation 

and for use in deterniining the means to diagnose and/or treat conditions associated 
with disorders in pigmentation. 
20 The present invention provides an isolated nucleic acid that comprises a 

sequence selected from the group consisting of SEQ ID NO:9, SEQ ID NO:10, SEQ 
ID NO:ll, and SEQ ID NO:12. In some embodiments, the nucleic acid is 
deoxyribonucleic acid. In other embodiments, the nucleic acid is the complement of 
SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:ll, and SEQ ID NO:12. In related 
25 embodiments, a vector comprising the nucleic acid is provided. Also provided is a 

host cell comprising the vector. Additionally, the present invention provides a protein 
encoded by the nucleic acid sequence set forth in SEQ ID NO:9. 
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In some embodiments, the present invention provides methods for detecting 
mutations in Rab38 comprising the steps of: amplifying at least a portion of Rab38 
from genomic DNA to yield a Rab38 amplification product; purifying the Rab38 
amplification product; and sequencing the Rab38 amplification product In preferred 
embodiments, the amplifying is accomplished using a polymerase chain reaction. In 
related embodiments, the at least a portion of Rab38 genomic DNA is selected from 
the group consisting of at least one Rab38 exon, at least one Rab38 intron, the Rab38 
5' untranslated sequence, and the Rab38 3* untranslated sequence. In some 
particularly preferred embodiments, the at least one Rab38 exon is selected from the 
group consisting of Rab38 exon 1, Rab38 exon 2, and Rab38 exon 3. In some 
embodiments, the genomic DNA is mammalian genomic DNA. Also provided are 
embodiments where the purifying is accomplished via size selection. 

The present invention further provides methods for detecting mutations in 
Rab38 comprising the steps of: amplifying at least a portion of Rab38 from genomic 
DNA to yield a Rab38 amplification product; digesting the Rab38 amplification 
product to yield a digested Rab38 amplification product; and electrophoresing the 
digested Rab38 amplification product. In preferred embodiments, the amplifying is 
accomplished using a polymerase chain reaction. In some embodiments, the at least a 
portion of Rab38 genomic DNA is selected from the group consisting of at least one 
Rab38 exon, at least one Rab38 intron, the Rab38 5' untranslated sequence, and the 
Rab38 3* untranslated sequence. In preferred embodiments, the at least one Rab38 
exon is selected from the group consisting of Rab38 exon 1, Rab38 exon 2, and Rab38 
exon 3. In particularly preferred embodiments, the genomic DNA is mammalian 
genomic DNA. 

The present invention also provides methods for screening for biologically 
active agents to modulate RAB38 activity, comprising the steps of: providing: 
melanocytes comprising RAB38 activity, and a candidate agent; and exposing the 
melanocytes to the candidate agent to yield treated melanocytes; and measuring the 
modulation of the RAB38 activity of the treated melanocytes by the candidate agent. 



In some embodiments, the RAB38 activity comprises GTPase activity. In some related 
embodiments, the RAB38 activity comprises GTP binding activity or GDP release. In 
some preferred embodiments, the RAB38 activity comprises TYRP1 trafficking to 
melanosomes or RAB38 trafficking to melanosomes. 

In some embodiments, the present invention provides kits for screening for 
biologically active agents that modulate RAB38 activity, comprising: plurality of 
melanocytes comprising RAB38 activity, wherein the melanocytes are provided within 
a container, and instructions for determination of RAB38 activity in the melanocytes. 
In some preferred embodiments, kits further comprise the means to analyze RAB38 
activity. In some related embodiments, the means to analyze RAB38 activity 
comprises an assay to assess GTPase activity, an assay to assess GTP binding activity, 
an assay to assess GDP release, an assay to assess TYRP1 trafficking to melanosomes, 
or an assay to assess RAB38 trafficking to melanosomes. 

The present invention also provides kits for the detection of mutations in 
RAB38 comprising at least two primer sequences suitable for amplification of at least a 
portion of RAB38, and instructions for utilizing the kit In some preferred 
embodiments, the primer sequences are selected from the group consisting of SEQ ID 
NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, and SEQ 
ID NO:22. In some related embodiments, the kit is suitable for use in the polymerase 
chain reaction. The invention also provides embodiments further comprising reagents 
for digesting nucleic acid. 

In some embodiments, the present invention also provides kits for diagnosing 
defects in melanosome function, comprising melanocytes comprising RAB38 and 
instructions for assessing defects in melanosome function. In some preferred 
embodiments, the kits further comprise the means to analyze RAB38 activity. In some 
related embodiments, the means to analyze RAB38 activity comprises an assay to 
assess GTPase activity, an assay to assess GTP binding activity, an assay to assess 
GDP release, an assay to assess TYRP1 trafficking to melanosomes or an assay to 
assess RAB38 trafficking to melanosomes. 



DESCRIPTION OF THE FIGURES 

Figure 1 depicts a microarray expression profile of various pigmentation control 
genes and Rab38. duster analysis identified nine genes known to be involved in 
pigmentation. Columns to the right list mouse and human pigmentation disorders 
corresponding to a given gene. Rab38 (arrow) was found within the same expression 
profile cluster as the nine control genes known to be involved in pigmentation. 
Hybridized sample cell lines are listed across the top of the expression profile. 
Relative gene expression is evaluated as a calibrated ratio (sample cell line / 
MnSOD6cll reference). Pseudocolor scale for ratio values is shown below. 

Figure 2 illustrates that RAB38, like known melano genie enzymes, is expressed 
in the retinal pigmented epithelium (RPE). All panels show the eye at embryonic day 
E11.5. The melanogenic enzymes expressed in the RPE at this developmental stage 
include tyrosinase (Tyr, Panel A), tyrosinase related protein 1 (Tyrpl; Panel B), and 
dopachrome tautamerase (DCT/Tyrp2; Panel C). Additional control genes from the 
microarray cluster data that are expressed in the RPE include melastatinl (Mlsn; Panel 
D) and Aiml/Matp (Panel E). Rab38 is expressed in the RPE at El 1.5 (Panel F) and 
at E10.5 and E12.5. The scale bar equals 100 urn- 
Figure 3 illustrates the Rab38 map location and the phenotype of the chocolate 
(cht/chi) mouse. Panel A provides a map of human chromosome 11 showing that 
human Rab38 maps 1.4 Mb distal to tyrosinase and 2.5 cM proximal to EED genes. 
In the corresponding mouse chromosome 7, syntenic region gene order is conserved 
(e.g., the cht locus maps to the same interval as Rab38). Panel B provides a 
photograph of C57B1/6J +/+ (left side, black) and C57B1/6J RabSS^/RabSg** (right 
side, brown) mice. Panel C shows the eyes from 2 day old wildtype C57B16/J +/+ 
mice with normal pigmentation, while Panel D shows that the eyes from 
JteW^VftaMS^'mice exhibit much less pigmentation. 

Figure 4 indicates that the Rab38 mutation causes the chocolate (cht) mouse 
phenotype. Panel A provides a comparison of Rab38 sequence between wildtype 
C57B16/J +/+ DNA (SEQ ID NO:l) and mutant C57B1/6J Rab38?»/+ DNA (SEQ ID 



NO:2), revealing a G146T nucleotide change (arrow) in the cht allele. This nucleotide 
change was never seen in eight additional inbred strains analyzed. Panel B illustrates 
that the G146T mutation creates a SexAl restriction enzyme site in C57B1/6J 
Rab38 Ja /Rab38 d,t DNA and ablates a BsaJl restriction site present in wildtype Rab38 
sequence. A 216 bp region surrounding the G146T nucleotide mutation was amplified 
from both C57B1/6J +/+ DNA and C57B167J Rab38* t /Rab38* t DNA. SexAl digests 
the PCR fragment of C57B1/6J Rab38 ±t /Rab38 cM (lane 1), but not C57B1/6J +/+(lane 
2); BsaJl digests the PCR fragment of C57B16/J +/+ (lane 4), but not C57B1/6J 
JJaW^'/RaW^'Oane 3). 

Figure 5 shows that RAB38 G19 is located in the GTP binding pocket. Panel 
A provides the 3 -dimensional location of the amino acid G19 of RAB38 in relation to 
the nucleotide binding site, as determined using the molecular modeling database 
(MMDB; Wang et al, Nucleic Acids Res 28:243-245 [2000]), based upon the crystal 
structure for RAB3a (MMDB 10125; and Dumas et al, Structure Fold Des 7:413-423 
[1999]). Overlaying the RAB38 sequence with that of RAB3a identified amino acid 
S32 of RAB3a as being equivalent to G19 of RAB38. The program Cn3D 3.0 was 
used to indicate the location of the RAB38 G19 (white), predicting interaction with the 
bound nucleotide. Protein structure is indicated by color: green, a- helices; gold, P 
sheet; blue, random coils; white, site of RAB3a S32 equivalent to RAB38 G19 located 
at the nucleotide binding ate; grey, Mg ++ ion; red-grey, GppNHp nucleotide analog. 
Panel B provides alignments of the highly conserved N-terminal region including 
human RAB38 (NP_071732; and SEQ ID NO:3), rat RAB38 (AAA42000; and SEQ 
ID NO:4), and mouse RAB38 (AK009296.1; and SEQ ID NO:5) amino acid 
sequences; and human RAB3a (P20336; and SEQ ID NO:6), human RAB5 (F34323; 
and SEQ ID NO:7) and human N-RAS (TVHURA; and SEQ ID NO:8) amino acid 
sequences. Sequence alignment was done using the ClustalW algorithm (Smith et al, 
Genome Res 6:454-462 [1996]). Bars indicate highly conserved regions that occupy 
tile nucleotide binding pocket, observed in the X-ray crystal structure of RAB3a 
(Ostermeier and Brunger, Cell 96:363-374 [1999]). Black denotes sequence identity, 



grey denotes sequence conservation, and red denotes the conserved amino acid that is 
mutated in the chocolate mice. 

Figure 6 illustrates that cht/cht melanosomes are similar in morphology to 
Tyrpl b melanosomes. Bright field images of melanosomes are shown from the 
periphery of primary cultured melanocytes, isolated from C57B16/J +/+ mice in Panel 
A, and from C57B1/6J RabSS^'/RabSS*' mice in Panel B. Melanosomes from wildtype 
melanocytes are oval and darkly pigmented, while those from C57B1/6J 
RabStF^/RabSS*' melanocytes are smaller, more circular and less pigmented, 
resembling melanosomes from Tyrpl b /Tyrpl b , melan-b cells. The scale bar equals 2 

Figure 7 shows that RAB38 is a melanosomal protein needed for appropriate 
TYRP1 trafficking. Bright field and matching confocal images of identical exposure 
of melanosomes in the periphery of primary melanocytes cultures are provided in the 
upper and lower panels respectively. Panels A and B provide images of C57B1/6J +/+ 
melanosomes, Panels C and D provide images of C57B1/6J RabSS^/RabS^ 
melanosomes, and Panels E and F provide images of melanosomes from melan-a cells 
transfected with a GFP-RAB38 expression construct. TYRP1 distribution was revealed 
by MEL5 staining in Panels B and D, while GFP-RAB38 immunofluorescence shown 
in Panel F, demonstrates co-localization of the GFP-RAB38 signal with the highly 
pigmented, end stage melanosomes. The scale bar for Panels A and D equals 1.6 |jM, 
while that for Panels B and F equals 2.4 pM. 

DESCRIPTION OF THE INVENTION 

The present invention relates to compositions and methods involving 
melanocytes. In particular, the present invention provides compositions and methods 
involving RAB38 and mutant RAB38, suitable for use in modulation of pigmentation 
and for use in determining the means to diagnose and/or treat conditions associated 
with disorders in pigmentation. 



In order to meet a need in the art for identification of additional pigmentation 
disease genes, expression profile analysis using cDNA microarrays was conducted done 
to develop the present invention. Expression profile analysis was utilized for the 
development of the present invention, as it is a powerful tool for organizing the 
common patterns found among thousands of gene expression measurements, and for 
identifying genes with similar distinctive expression patterns among multiple 
experimental samples (Bisen et al, Proc Natl Acad Sci USA 95:14863-14868 [1998])> 
Analysis of genes contained within a cluster has revealed that these genes are often 
functionally related within the cell (Eisen and Brown, Methods Enzymol 303:179-205 
[1999]; and Mody et al, Proc Natl Acad Sci USA 98:8862-8867 [2001]). As detailed 
below, by using this approach Rab38 was identified as a candidate pigmentation gene. 
Further analysis confirmed that RAB38 is a melanosomal protein, mutated in the 
mouse pigmentation mutant, chocolate (cht), and important for the sorting of the 
melanosomal protein TYRP1 in melanocytes. These experiments conducted during the 
development of the present invention provide the first successful use of microarray 
expression profiling to identify a mammalian pigmentation disease gene. 

Expression Profile Analysis Identifies RAB38 as a chocolate Candidate Gene 

In order to identify novel and uncharacterized genes involved in melanocyte 
function and disease, a collection of cDNA clones to be used for expression profile 
and functional analyses were generated (Loftus et al 9 Proc Natl Acad Sci USA 
96:9277-9280 [1999]). cDNA clones from IMAGE consortium library 2NbHM (See, 
The National Center for Biotechnology Information's web site for UniGene Library 
No. 198) were previously shown to be appropriate for gene expression studies aimed at 
understanding melanocyte development and function (Loftus et al, Proc Natl Acad Sci 
USA 96:9277-9280 [1999]; and Loftus and Pavan, Pigment Cell Res 13:141-146 
[2000]). For this analysis, 4356 cDNA clones from library 2NbHM were printed to 
glass slides. A total of 17 cell lines representing neural crest and non-neural crest 
derived tissues were used in this analysis. Included were eleven melanoma cell lines 



(Bittner et al, Nature 406:536-540 [2000]), three rhabdomyosarcoma cell lines, one 
glioblastoma cell line, HeLa cells, and 293T cells. Array hybridizations for each of 
these cell lines were performed in a pair-wise fashion, using RNA from cell line 
MnSOD6 ell as a reference. MhSOD6 ell is an amelanotic melanoma cell line 
5 rendered non-tumorigenic by the introduction of a region of human chromosome 6 

(Trent et al, Science 247:568-571 [1990]). MnSOD6 ell has been nsed previously for 
expression profile analysis of melanoma lines using a different set of cDNA clones 
(Bittner et al, Nature 406:536-540 [2000]). 

ffierarchical cluster analysis found nine genes (DCT, TYRP1, PMEL17, AIM-1, 
m io MELAN-A/MARTl, MLSN, ATRN, PAX3 and CHS1), previously known to be involved 
§ in melanocyte function, to cluster together {See, Figure 1). On closer analysis of the 

=P hierarchical clustering data an additional gene, Rab38, was found to have a similar 

£ expression variation to these melanocyte genes (See, Figure 1). Four of the nine 

S melanocyte genes examined (TYRP1, DCT, MLSN and AIM1) were expressed in the 

Jj 15 melanocytes of me retinal pigment epithelium (RPE) at E11.5 (See, Figure 2). 
P Consistent with the placement of Rab38 within this cluster of genes, whole mount in 

5 situ analysis demonstrated that Rab38 was also expressed in the melanocytes of the 

p RPE at this age (See, Figure 2). Northern blot analyses revealed mat Rab38 

expression was restricted to the melanocyte derived cell lines (Jager et al, Cancer Res 
20 60:3584-3591 [2000]). 

Utilizing the recently available human genome sequence, Rab38 was 
determined to be located on human chromosome 11, flanked proximally by TYR and 
distally by EED m& MY07A (See, Figure 3, Panel A). A conserved linkage group on 
mouse chromosome 7 was identified by comparison of the human genome map with 
25 the mouse genome mapping data (See, The Jackson Laboratory's web site for 

Mammalian Homology Query). Closer analysis of loci in the mouse conserved linkage 
group indicated that an uncloned mouse pigmentation mutant, cht, was contained 
within this interval (See, Figure 3, Panel A; and Potter and Rinchik, Mamm Genome 
4:46-48 [1993]). The cht mutation arose as a spontaneous, isogenic mutation on an 
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inbred C57B1/6J background and has been maintained on this background since 1984 
(Macpike and Mobraaten, Mouse News Lett 700:86 [1984]). Cht/cht mice are 
identifiable at birth by lighter skin and eyes, and at weaning by a deep-brown coat 
color when compared to the C57B1/6J parental strain (See, Figure 3, Panels B and Q. 
Thus, Rab38 was implicated as a candidate gene for the cht locus based on genomic 
map positions and the expression of Rab38 in cell types affected in cht/cht mice, RPE 
and melanocyte derivatives. 

Mutation of Rab38 Causes Melanocyte Defects in cht/cht Mice 

Genomic sequence flanking exon/intron boundaries for the three mouse Rab38 
exons was obtained from mouse trace archive genomic sequence (See, National Center 
for Biotechnology Information web site for Trace Archive Querying). DNA from 
C57B1/6J cht/+ animals was obtained from Jackson Laboratories Mouse DNA 
Resource, amplified using genomic Rab38 primers and directly sequenced. In exon 1, 
a G146T nucleotide mutation was identified in the cht allele (See, Figure 4, Panel A). 
This sequence alteration was confirmed by restriction digest in multiple cht/cht DNA 
samples, as the resulting nucleotide substitution changes a BsaJl site (CCNNGG) to a 
SexAl restriction site (ACCWGGT) (See, Figure 4, Panel B). This sequence alteration 
was not detected in analysis of 8 additional inbred mouse strains (CAST/Ei, 
SPRET/Ei, 129/SVJ, FVB/NJ, AKR/J, A/J, DBA/1 J, BALB/cJ. The RAB38 protein 
demonstrates highly conserved amino acid identity between phyla: human/rat (96.2%), 
human/mouse (93.8%), rat/mouse (95.2%) (See, Figure 4, Panel B). The G19V cht 
mutation is located within the highly conserved phosphate/Mg 2 * (PM) domain and is 
predicted to directly contact GTP in the nucleotide binding pocket (See, Figure 5, 
Panels A and B). 
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RabS« ia Results in a Decrease in the Efficiency of Targeting Tyrpl to End Stage 
Melanosomes 

Analysis of melanocytes cultured from newborn mice revealed that C57B1/6J 
Rab38^/Rab38 du melanocytes contain, small, circular melanosomes with a brown hue 
similar to those observed in C57B1/6J Tyrpl b /Tyrpl b melanocytes {See, Figure 6, Panel 
C; and Hearing et ah, J Ultrastruct Res 43:88-106 [1973]), but distinct from the 
intensely black, oval melanosomes seen in C57B1/6J +/+ melanocyte cultures {See, 
Figure 6, Panels A and B). Given that Tyrpl mutations cause the switch from black to 
brown pigment in brown mice, and given that Rab GTPases play a central role in 
protein trafficking (Schimmoller et al, J Biol Chem 273:22161-22164 [1998]; and 
Chavrier and Goud, Curr Opin Cell Biol 11:466-475 [1999]), the targeting of TYRP1 
to the melanosome was contemplated to be defective in RabSSP/RabSS?* melanocytes. 
Consistent with mis, endstage melanosomes in the Rab3S* t /Rab38* t melanocytes stain 
much more weakly for TYRP1 than do end stage melanosomes in the control 
melanocytes {See, Figure 7, Panels A-D). Additionally, GFP-tagged RAB38 
co-localizes with end stage melanosomes in wild type cells {See, Figure 7, Panels E 
and F). Thus, RAB38 is contemplated to regulate traffic of vesicular intermediates 
that move Tyrpl from the trans-golgi network (TGN) to end stage melanosomes. 

HoMS*** Does Not Result in Platelet Storage Defects 

Subsets of mouse coat color mutants with mutations in genes involved in 
vesicular trafficking, such as pale ear and beige, also cause platelet aggregation defects 
modeling HPS and CHS respectively. To further analyze the pathology of 
Rab3S* t /Rab3Sf* t mic&, bleeding times were measured as an assay of platelet function. 
No difference was observed between wildtype and Rab38 eht /Rab38 d " mice (2.53 vs. 
2.41 minutes; p= 0.7). This observation is consistent with Rab38 ekt /Rab3S da being a 
genocopy for OCAHI {Tyrpl") mouse model, but not for either HPS or CHS. Taken 
together, the data presented herein indicate that RAB38 is required for the efficient 
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targeting of TYRP1 to pigmented melanosomes, and suggests that RdbSS^/RabSS^is 
a genocopy of the Tyrpl b /Tyrpl b OCAm mouse model. 

Rab38 is a Melanocyte Pigmentation Gene in Mammals 

Thus, by using cDNA microarray expression profiling, Rab38 has been 
identified as an important gene involved in melanocyte pigmentation Hierarchical 
clustering of expression patterns grouped Rab38 with nine previously identified 
melanocyte genes known to function in a melanocyte-specific fashion. These genes 
include DCT, TRYP1, and PMEL17 which are essential for melanosome function; 
MELAN-A/MART1 and MLSN which are important melanoma antigens (Chen et al, 
Proc Natl Acad Sci USA 93:5915-5919 [1996]; and Duncan et al, J Clin Oncol 
19:568-576 [2001]); AIM-1 which has recently been identified as the gene responsible 
for B in medaka (Fukamachi et al, Nat Genet 28:381-385 [2001]), underwhite in mice 
(Newton et aL, Am J Hum Gent 69:981-988 [2001]), and OCA4 in humans (Newton 
et al, Am J Hum Gent 69:981-988 [2001]); CHS1 which functions in 
melanosome/lysosome vesicle trafficking (Introne et al., Mol Genet Metab 68:283-303 
[1999]); and PAX3, a paired box transcription factor that regulates melanocyte gene 
expression (Watanabe et al, Nat Genet 18:283-286 [1998]; Potterf et aL, Human 
Genet 107:1-6 [2000]; and Homyak et al., Mech Dev 101:47-59 [2001]), including 
expression of TYRP1 (Galibert et aL, J Biol Chem 274:26894-26900 [1999]). 
Mutations in seven of these genes have been identified in human and/or murine 
disorders associated with variations in pigmentation (See, Figure 1). 

Rab38 was assessed as a candidate gene for the cht locus for three reasons. 
First, comparative genomic analysis predicted a co-localization of the human Rab38 
gene to the region of the cht locus in the mouse genome. Second, the expression of 
Rab38 was found to be restricted to those cell types affected in cht/cht mice (See, 
Figure 2, and Jager et al, Cancer Res 60:3584-3591 [2000]). Finally, Rab38 is a 
member of a family of proteins that are known to play a crucial role in vesicular 



- 12- 



trafficking (Nielsen et al, Nat Cell Biol 1:376-382 [1999]; and Scott and Zhao, J 
Invest Dermatol 116:296-304 [2001]). 

Sequence analysis of the Rab38 coding region from cht mice revealed a G146T 
transversion in exon 1. This sequence alteration is likely to be the causative mutation, 
since this allele arose as a spontaneous mutation on a C57B1/6J background. 
Moreover, the G146T alteration results in a Gly to Val substitution within the GTP 
binding pocket of RAB38. Crystal structure analysis of RAB3A, which is used as a 
model for other Rab proteins, predicts that this amino acid residue directly contacts the 
GTP within the nucleotide binding pocket (Dumas et al, Structure Fold Des 7:413-423 
[1999]). Furthermore, a mutation of the analogous amino acid residue in RAB5, a 
Rab that regulates the homotypic fusion of endosomes, results in an increased rate of 
GDP dissociation in vitro, and the stimulation of endosome fusion in vivo (Li and 
Liang, Biochem J 355:681-689 [2001]). Additional support for the functional 
relevance of this mutation comes from studies of the Ras protein. Substitutions in Ras 
at the analogous G13 residue, including the same G to V mutation as in RabSS***, have 
been identified in acute myeloid leukemia (Bos et al, Nature 315:726-730 [1985]; and 
Stirewalt et al, Blood 97:3589-3595 [2001]). Based upon the analyses disclosed 
herein and on these observations, the Gly to Val mutation in RAB38 is contemplated 
to disrupt RAB38 function in vivo. 

The coat color of Rab3$* tt /Rab38 cht mice closely resembles that of the brown 
(Tyrpl h /Tyrpl b ), OCAin mouse model. The brown mouse model contains a defect in 
a melanin biosynthesis gene Tyrpl, resulting in a coat color change of the C57BL/6J 
mouse from black to brown. TYRP is a melanosomal membrane glycoprotein, which 
functions both as a DHICA oxidase enzyme and to provide structural stability to TYR 
in the melanogenic enzyme complex. TRYP1 is believed to transit from the 
trans-golgi network (TGN) to stage II melanosomes via clatherin coated vesicles, 
possibly by first passing through an uncharacterized sorting compartment (Marks and 
Seabra, Nat Rev Mol Cell Biol 2:738-748 [2001]), Based upon the similar coat 
phenotype and predicted Rab protein function, RAB38 is contemplated to be 
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specifically involved in trafficking of melanosomal proteins like TYRP1, to the 
melanosome. Consistent with this, GFP-tagged RAB38 co-localizes with melanosomes 
in pigmented melanocyte lines in culture and TYRP1 is inefficiently targeted to 
pigmented end stage melanosomes in RabS^/RabSS? 1 * melanocytes. The brown coat 
color observed in Rab38f ht /Rab38> !h 'mice is contemplated to be the result of a reduced 
amount of melanosomal TYRP1. Thus, RAB38 is implicated in the vesicle trafficking 
required for proper targeting of proteins, such as TYRP1, to melanosomes. 

The formation of melanosomes and melanin pigment deposition within them 
requires a series of specific vesicular trafficking steps (King et aL, in Scriver et aL 
(eds.) The Metabolic Basis of Inherited Disease. 7th ed. (McGraw-Hill, New York) 
pp.4353-4392 [1995]; and Marks and Seabra, Nat Rev Mol Cell Biol 2:738-748 
[2001]). Comparison of the phenotype of Rattg** mice to other mouse mutants where 
defects in the trafficking of proteins has been identified is contemplated to provide 
insight into the site of action of RAB38. Four genes involved in HPS (HPS1, AP3 
and HPS3 and HPS4), when mutated result in the mouse models pale ear (ep), mocha, 
cocoa, and light ear, respectively. For each of these mouse models the color of 
melanin produced by the melanosome is lighter in color or of a brown hue. 
Interestingly, similar to what is seen in Rab38 chi /Rab38 cht derived melanocytes, 
melanocytes from Hpsl^/HpsV* mutants also exhibit a mislocalization of TYRP1 into 
membraneous complexes rather than pre-melanosomes (Sarangarajan et aL, J Invest 
Dermatol 1 17:641-646 [2001]), again yielding a brown mouse. In addition to 
melanosome pigment defects, HPS mice also exhibit enlargement of melanosomes and 
lysosomes, and reduced platelet cell aggregation (Swank et aL, Pigment Cell Res 
13:59-67 [2000]; and Introne et aL, Mol Genet Metab 68:282-303 [1999]). This 
suggests the involvement of HPS genes in early vesicle sorting events that affect 
lysosomes, as well as melanosomes. However, it appears that RabStf 1 * is not in the 
same class of mutants as those of the HPS mouse models, since RabS^/RabS^ mice 
do not exhibit enlarged melanosomes or lysosomes, or defects in platelet function. 
Thus, although both HPS1 and RAB38 appear to be involved in the proper sorting of 
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TYRP1, this regulation spears to be occurring at different steps in the trafficking 
process. Since RAB38 appears to affect melanosome trafficking only, RAB38 is 
contemplated to be involved in vesicle trafficking downstream of the HPS genes. 

RabSS^ mice appear to be a genocopy of the TYRPl b , OCA mouse model, due 
to the essential role of RAB38 in proper TYRP1 trafficking to late stage melanosomes, 
thus mimicking the cellular and clinical phenotype. OCA is a heterogeneous genetic 
disorder that has been associated with mutations in TYR (OCAI), P (OCAII) TYRP1 
(OCADDO m&AIMl (OCATV). However, approximately 10% of patients clinically 
diagnosed with OCA do not have mutations in any of these genes. Given the 
heterogeneity of OCA and the predicted role of RAB38 in TYRP1 sorting, Rab38 is 
contemplated to be a candidate gene for patients with OCA, particularly when a 
molecular defect in TYR, P, TYRP1 oxAIMl has not been found 

Definitions 

To facilitate understanding of the invention, a number of terms are defined and 
discussed below. 

The terms "nucleic acid," "nucleic acid sequence," and "nucleotide sequence," 
as used herein refer to an oligonucleotide or polynucleotide, and fragments or portions 
thereof and to DNA or KNA of genomic or synthetic origin which can be single- or 
double-stranded, and represent the sense or antisense strand. 

As used herein, the terms "restriction endonuclease" and "restriction enzyme" 
refer to bacterial enzymes, each of which cut double-stranded DNA at or near a 
specific nucleotide sequence, referred to as a "restriction site." 

As used herein, the terms "complementary" or "complementarity" are used in 
reference to antiparallel polynucleotides (Le., a sequence of nucleotides) related by the 
base-pairing rules. For example, the sequence S'-AGTTC-S' is complementary to the 
sequence 3'-TCAAG-5\ 

"Amplification" is defined as the production of additional copies of a nucleic 
acid sequence and is generally carried out using polymerase chain reaction (PGR) or 
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other technologies well known in the art (e.g., Dieffenbach and Dveksler, PCR Primer, 
a Laboratory Manual, Cold Spring Harbor Press, Plainview NY [1995]). As used 
herein, the term "polymerase chain reaction" ("PCR") refers to the Mullis method for 
increasing the concentration of a segment of a target sequence in a mixture of genomic 
DNA without cloning or purification (See eg., U.S. Patent Nos. 4,683,195, 4,683,202 
and 4,965,188, hereby incorporated by reference). This process for amplifying the 
target sequence consists of introducing a large excess of two oligonucleotide primers to 
the DNA mixture containing the desired target sequence, followed by a precise 
sequence of thermal cycling in the presence of a DNA polymerase. The two primers 
are complementary to their respective strands of the double stranded target sequence. 
To effect amplification, the mixture is denatured and the primers then annealed to their 
complementary sequences within the target molecule. Following annealing, the 
primers are extended with a polymerase so as to form a new pair of complementary 
strands. The steps of denaturation, primer annealing and polymerase extension (DNA 
synthesis) are typically reiterated many times (Le., denaturation, annealing and 
extension constitute one "cycle"; there usually are numerous "cycles") to obtain a high 
concentration of an amplified segment of the desired target sequence. The length of 
the amplified segment of the desired target sequence is determined by the relative 
positions of the primers with respect to each other, and therefore, this length is a 
controllable parameter. By virtue of the repeating aspect of the process, the method is 
referred to as the "polymerase chain reaction" (hereinafter "PCR"). Because the 
desired amplified segments of the target sequence become the predominant sequences 
(in terms of concentration) in the mixture, they are said to be "PCR amplified." 

As used herein, the terms "PCR product" and "amplification product" refer to 
the resultant mixture of compounds after two or more cycles of the PCR steps of 
denaturation, annealing and extension are complete. 

The terms "peptide," "polypeptide" and "protein" all refer to a primary 
sequence of amino acids that are joined by covalent peptide linkages. In general, a 
peptide consists of a few amino acids, typically from 2-25 amino acids, and is shorter 
than a protein. "Polypeptides" encompass both peptides and proteins. 
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As used herein the term "portion" when in reference to a gene refers to 
fragments of that gene. In some embodiments, the fragments range in size from ten 
nucleic acids to the entire nucleic acid sequence minus one nucleic acid. 

As used herein, the term "purify" or ''purifying 11 refers to the removal of at 
least one contaminant from a sample. As used herein, the term "substantially purified" 
refers to molecules, either nucleic acids or amino acid sequences, that are removed 
from their natural environment, "isolated" or "separated," and are largely free from 
other components* 

The term "gene" refers to a nucleic acid (e.g. 9 DNA) sequence comprised of 
parts, that when appropriately combined in either a native or recombinant manner, 
provide some product or function. In addition to the coding region of the nucleic acid, 
the term "gene" also encompasses the transcribed nucleotide sequences of the full- 
length mRNA adjacent to the 5 9 and 3' ends of the coding region. These noncoding 
regions are referred to as 5' and 3' untranslated sequences (5' UT and 3* UT). Both 
the 5* and 3* UT may serve regulatory roles, including translation initiation, 
post-transcriptional cleavage and polyadenylation. In preferred embodiments, a 
mammalian "Rab38 gene" is provided. 

In some embodiments, the "genomic" form of a gene contains the sequences of 
the transcribed mRNA, as well as other non-coding sequences. "Introns" or 
"intervening sequences" are segments of a gene which are contained in the primary 
transcript (ie., hetero-nuclear RNA, or hnRNA), but are spliced out to yield the 
processed mRNA form. Conversely, "exons" are the segments of a gene corresponding 
to the processed mRNA sequence. 

The terms "in operable combination," and "operably linked" when used in 
reference to nucleic acid herein are used to refer to the linkage of nucleic acid 
sequences in such a manner that a nucleic acid molecule capable of directing the 
transcription of a given gene and/or the synthesis of a desired protein molecule is 
produced. In preferred embodiments of the present invention, a mammalian Rab38 
gene in "operable combination" with a promoter and/or an enhancer is provided. 
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As used herein, the term Sector" is used in reference to nucleic acid molecules 
that transfer DNA segment(s) from one cell to another. In some embodiments, a 
vector "backbone" comprises those parts of the vector which mediate its maintenance 
and enable its intended use (e.g. 9 sequences necessary for replication, genes imparting 
drug or antibiotic resistance, a multiple cloning site, and possibly operably linked 
promoter/enhancer elements which enable the expression of a cloned nucleic acid). 
Vectors are often derived from plasmids, bacteriophages, or plant or animal viruses. 

As used herein, the term "wild type" refers to a gene or gene product which has 
the characteristics of that gene or gene product when isolated from a naturally 
occurring source. A wild-type gene is that which is most frequently observed in a 
population and is thus arbitrarily designated the "normal" or "wild-type" form of the 
gene. 

In contrast, the terms "mutant" and "mutation" refer to a gene or gene product 
which displays modifications in sequence and or functional properties (i.e., altered 
characteristics) when compared to the wild-type gene or gene product It is noted that 
naturally-occurring mutants can be isolated and these are identified by the fact that 
they have altered characteristics when compared to the wild-type gene or gene product. 
In some embodiments, the present invention provides a mutant Rab38 gene or RAB38 
protein. In preferred embodiments, the chocolate Rab38/RAB3S mutant is provided. 

The term "candidate agent" refers to any molecule of any composition, 
including proteins, peptides, nucleic acids, lipids, carbohydrates, organic molecules, 
inorganic molecules, and/or combinations of molecules which are suspected to be 
capable of producing a physiological or biological response. 

As used herein, the term "modulate" refers to a change in the activity of 
RAB38. For example, modulation may cause an increase or a decrease in enzymatic 
activity, binding characteristics, or any other biological, or functional properties of 
RAB38. 

The term "melanocyte" as used herein, refers to special cells in the skin and the 
eye that synthesize melanin pigments. Clusters of melanocytes often appear on the 
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skin as moles. The term "melanosome" refers to the melanin-producing organelle of 
melanocytes. 

As used herein, the terms "GTPase activity" and "guanosine triphosphatase 
activity" refer to the enzyme activity mat hydrolyses GTP to produce GDP and 
orthophosphate. GTPase activity is regulated by GTPase activating proteins 
(activation) and by guanine nucleotide releasing proteins (inhibition). In the context of 
the invention, GTPase activity refers to "RAB38 activity" or the GTPase activity of 
RAB38. RAB38 is inactive when bound to GDP, and active when bound to GTP. 
Thus, the term "GTP binding" refers to the binding of GTP by a GTPase (e.g., 
RAB38), while the term "GDP release" refers to the release of GDP by a GTPase 
(e.g., RAB38). GTPases of the RAB family have been implicated in the process of 
vesicle trafficking. In the context of the invention, the term "RAB activity" 
encompasses "RAB38 trafficking" or the transport of RAB38 to melanosomes of 
melanocytes, and "TYRP1 trafficking" or the transport of TYRP1 to melanosomes. 

EXPERIMENTAL 

The following examples are provided in order to demonstrate and further 
illustrate certain preferred embodiments and aspects of the present invention and are 
not to be construed as limiting the scope thereof. 

La the experimental disclosure which follows, the following abbreviations 
apply: °C (degrees Centigrade); BSA (bovine serum albumin); DMEM (Dulbecco's 
modified eagle's medium); FBS (fetal bovine serum); H2O (water); aa (amino acid); bp 
(base pair); kb (kilobase pair); EST (expressed sequence tag); kD (kilodaltons); gm 
(grams); \ig (micrograms); mg (milligrams); ng (nanograms); p.1 (microliters); ml 
(nulliliters); mm (millimeters); nm (nanometers); pm (micrometer); M (molar); mM 
(millimolar); uM (micromolar); U (units); MW (molecular weight); sec (seconds); 
min(s) (nunute/niinutes); hr(s) (hour/hours); C0 2 (carbon dioxide); Cy3 
(indocarbocyanine); Cy5 (mdodicarbocyanine); (DEPC (diethyl pyrocarbonate); dNTPs 
(deoxynucleotides); MgCl 2 (magnesium chloride); PBS (phosphate-buffered saline [150 
mM NaCl, 10 mM sodium phosphate buffer, pH 7.2]); SDS (sodium dodecyl sulfate); 

- 19- 



SSC (saline sodium citrate buffer); TBS (Tris-buffered saline); PCR (polymerase chain 
reaction); RT (reverse transcription); w/v (weight to volume); v/v (volume to volume); 
Applied Biosystems (Applied Biosystems, Foster City, CA); Axon (Axon Instruments 
Inc., Foster City, CA); GeneCodes (GeneCodes, Ann Arbor, MI); Invitrogen 
(Invitrogen Corp,, Carlsbad, CA); Jackson (Jackson Laboratory, Bar Harbor, ME); 
NEB (New England Biolabs, Inc., Beverly, MA); NIH (National Institutes of Health, 
Bethesda, MD); Qiagen (Qiagen, Valencia, CA); Roche (Roche, MaraiHeim, 
Germany); and Signet (Signet Laboratories, Dedham, MA). 

EXAMPLE 1 
Cell Culture 

All cells for tnicroarray analysis were grown to 90% confluence at 37°C in 5% 
C0 2 . The cell lines used in these experiments were obtained from Jeffty Trent (NIH). 
Melanoma cell lines were grown in RPMI media containing 10% FBS, 2 mM 
L-glutamine and 100 units/ml each of penicillin and streptomycin. Media for 
MnSOD6 ell also contained 500 jig/ml geneticin. 293T, U138 and HeLa cells were 
grown in DMEM media containing 10% FBS, 2mM L-glutamine and 100 units/ml 
each of penicillin and streptomycin. Primary murine melanocytes were cultured as 
previously described (Wu et al, J Cell Sci 114:1091-1100 [2001]. Melan-a cells were 
cultured in RPMI 1640 media containing 10% FBS, 2 mM L-glutamine, 10 mM 
sodium pyruvate, 100 units/ml each of penicillin and streptomycin, 200 nm 12-0- 
tetradecanoylphorbol 13-acetate, 0.01 mM sodium bicarbonate and 0.1 mM 
2-mercaptoethanol in 5% C0 2 . 

EXAMPLE 2 
RNA Preparation 

Cells for microarray analysis were obtained in pools of four 500 cm 2 dishes, 
that were harvested by scraping, washed in PBS, and pelleted. Pellets were lysed in 
10 ml Trizol reagent (Invitrogen). Two ml of chloroform were added, the sample was 
shaken, and then centrifuged to separate phases. The aqueous layer was removed and 
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an equal volume of 75% ethanol was added dropwise while vortexing. Sample was 
applied to a RNeasy maxi column (Qiagen) and the manufacturer's purification 
protocol was followed. Samples were eluted in water, precipitated with 3 M sodium 
acetate and stored at -80°C. RNA pellets were resuspended in DEPC water to 1 jig/|il 
concentration, and applied to a Microcon 100 column. RNA samples were centrifuged 
and concentrated to 7-10 jig/ul. 

EXAMPLE 3 
Labeling and Hybridization 

RNA was reverse transcribed to fluorescent labeled cDNA and co-hybridized 
on slides in experimental/reference pairs. Expressed sequence tag (EST) clone inserts 
were prepared and applied to slides as described (DeRisi et aL, Nat Genet 14:457-460 
[1996]). Reversed transcribed (RT) fluorochrome labeled cDNA was generated as 
known in the art (See, The National Human Genome Research Initiative's Microarray 
Project web site). For reactions, 60 ng of total RNA (Cy3) or 120 jig of total RNA 
(Cy5) were used. Hybridizations were carried out in a final volume of 40 jxl at 65°C 
in a humidified chamber for 16 hr. Slides were washed at room temperature in 0.5X 
SSC/0.1% SDS for 3 min followed by a second wash in 0.6X SSC for 3 min. Slides 
were immediately spun dry by centrifugation. 

EXAMPLE 4 
Image Acquisition and Analysis 

Fluorescence signal intensities for Cy3 (532 X) and Cy5 (635 A,) fluorochromes 
were obtained using a Genepix 4000a scanner (Axon) at 10 jaM resolution. A set of 
88 housekeeping control genes was used to normalize for labeling efficiency (Loftus et 
aL, Proc Natl Acad Sci USA 96:9277-9280 [1999]). Expression profile analysis was 
performed with a clustering algorithm using average-linkage method and Pearson's 
correlation similarity measurement (See, The National Human Genome Research 
Initiative's Genome Clustering web site). 
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EXAMPLES 
Organization of the Mouse Rab38 Gene 
To facilitate mutation screening of the mouse Rab38 gene, database searches 
were employed to identify genomic DNA adjacent to Rab38 coding sequences. Rab38 
mKNA sequence (SEQ ID NO:9 and GenBank Accession No. AY062237), was 
BLASTed against mouse genomic sequencing trace archives (See, The National Center 
for Biotechnology Information's web site for Trace Archive Querying). Significant 
similarities were determined by a returned BLAST score of greater man 200. Relevant 
data were downloaded and aligned to the mKNA sequence using Sequencher version 
3.1.1 (GeneCodes). Genomic organization was confirmed by using the Spidey 
program (See, The National Center for Biotechnology Information's web site for 
Spidey). Gene organization was also experimentally confirmed through PCR and 
DNA sequencing of genomic fragments. This analysis revealed that Rab38 is 
composed of three exons: exon 1, nucleotides 1-292; exon 2, nucleotides 292-572; and 
exon 3, nucleotides 573-1439 (nucleotide positions refer to GenBank Accession No. 
AY062237). The confirmed exon and surrounding intron sequences have been 
deposited into GenBank as: exon 1, AF448441 (SEQ ID NO:10); exon 2, AF448442 
(SEQ ID NO:ll); and exon 3, AF448443 (SEQ ID NO:12). 

EXAMPLE 6 
In Situ Hybridization 
Timed matings were used to obtain staged FVB/NJ (Jackson) mouse embryos, 
and E0.5 was designated as noon on the day of vaginal plug formation. Embryos were 
fixed overnight in 4% paraformaldehyde in PBS. Digoxigenin conjugated probes were 
synthesized by reverse transcription (RT) of linearized plasmids and/or PCR products 
with RT binding site linkers (Roche). The following DNA sources were used for 
probe synthesis: Tyrosinase, cDNA clone 4633402C07; Tyrph RT-PCR from B16 cell 
line total RNA (TYRP15'T3F 5'-GCGCGAATTA ACCCTCACTA AAGGGTCTGA 
GCACCCCTGT CTTCT-3', SEQ ID NO:13; TYRP15*T7R 5 '-GCGCGTAATA 
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CGACTCACTA TAGGGCCCAG TTGCAAAATT CCAGT-3% SEQ ID N0:14); Dct y 
cDNA ; Aiml/Matp, REKEN cDNA clone G370045L22; Mlsnl RT-PCR from B16 ceU 
line total RNA (MLSN R T7 5'-GCGGGTAATA CGACTCACTA TAGGGGCCAC 
AAACATGTCC TACTTAC-3\ SEQ ID NO:15; MLSN FT3 5 ' -GCGCGAATTA 
ACCCTCACTA AAGGGAAGCT TCCGGACTCT CTAC-3% SEQ ID N0:16); 
Rab38, Riken cDNA clone 23-10011-F14. In situ hybridizations were performed using 
published protocols (Wilkinson and Nieto, Methods Enzymol 225:361-373 [1993]), 
with the following modifications. After probe hybridization, Ribonuclease A digestion 
was omitted, TBS was used in place of PBS, and the substrate BM-purple (Roche) was 
used in place of 5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium. 

EXAMPLE 7 
Mutation Detection 

The mouse Rab38 gene homologue was screened for mutations by PCR 
amplification and DNA sequencing of exon-containing genomic segments. The 
following primer pairs were designed to amplify the three protein coding exons, as 
well as a small amount of flanking intron DNA: Rab38 ExlF 5 ' -T AGGAAGGAG 
GATTAAACCC G-3' (SEQ ID NO:17) and Rab38 ExlR 5'-GAACTCCTCA 
TGGCTCACTC C-3' (SEQ ID NO:18) yielding a 428 bp product; Rab38 Ex2F 5'- 
GGATATGAAG CTCCAGTGTA GTGTAC-3* (SEQ ID NO:19) and Rab38 Ex2R 5'- 
CACTGGACAG AAACATTATT GTCAC-3' (SEQ ID NO:20) yielding a 464 bp 
product; and Rab38 Ex3F 5'-AAGTTATCAG CCAGTGAGAT ACTGTG-3' (SEQ ID 
NO:21) and Rab38 Ex3R 5'-CACATGTGGT ATATCTATCC TGACG-3' (SEQ ID 
NO:22) yielding a 526 bp product PCR reactions contained 1.5 uM of each primer, 
0.2 pM dNTPs, 1.5 uM MgCl 2 , 1 unit AmpUTaq DNA Polymerase (Applied 
Biosystems), IX of the manufacturer's 10X buffer, and 40 ng of mouse genomic 
DNA. Thermal cycling consisted of an initial denaturation for 2 min at 93°C, 
followed by 40 cycles of 93°C for 10 sec, 55°C for 5 sec, and 72°C for 30 sec. A 
final extension at 72°C was performed for 7 min. Following separation on a 1% 
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agarose gel, PCR products were excised and purified using the QIAquick Gel 
Extraction Kit (Qiagen). DNA sequencing was performed with BigDye terminator 
chemistry, and a model 3100 DNA sequencing instrument (Applied Biosystems). The 
cycle-sequencing routine was 30 cycles of 92°C for 20 sec, 55°C for 10 sec, and 60°C 
for 4 min with a 20 pL reaction containing 8 pL of BigDye cocktail, 0.5 pX of a 25 
pM primer solution, 6.5 uL of water, and 5 pL of PCR product (at -50 ng/pX). Data 
was extracted and analyzed using Sequencing Analysis version 3.3 (Applied 
Biosystems) and aligned with Sequencher software version 3.1.1 (GeneCodes). 
Alignments included sequence data derived from wildtype C57B1/6J and heterozygous 
cht/+ mice, as well as mouse Rab38 mRNA sequence (GenBank Accession No. 
AY062237). 

EXAMPLE 8 
Mutation Confirmation and Genotyping 

Primers were designed to amplify a 213 bp fragment surrounding the G146T 
sequence change (cht ExlF 5'-GGCCTCCAGG ATGCAGACAC C-3', SEQ ID 
NO:23; cht ExlR 5 '-CCAGCAATGT CCCAGAGCTG C-3% SEQ ID NO:24). PCR 
amplification was performed as described in Example 7. SexAl and BsaJl restriction 
digests were performed using 20 pL restriction enzyme digests containing 10 pi of 
PCR product, 2.5 units enzyme (NEB) along with IX of the supplied BSA and digest 
buffer. Reactions were incubated overnight at the manufacturer's suggested 
temperature and electrophoresed on a 2% agarose gel to visualize band patterns. 

EXAMPLE 9 
Cell Transfection 

GFP-RAB38 constructs were generated by PCR amplifying mouse Rab38 with 
att site linker primers (AttBl-RRab 5 '-GGGGACAAGT TTGTACAAAA 
AAGCAGGCTC CATGCAGACA CCTCACAAG-3% SEQ ID NO:25 and 
AttB2-RRab-STP 5'-GGGGACCACT TTGTACAAGA AAGCTGGGTT 
CTAGGATTTG GCACAGCCAG A-3% SEQ ID NO:26) and "Gateway " cloning into 
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pDest 53 (Invitrogen) as per manufacturer's instructions. GFP-RAB38 was transfected 
into melan-a cells using LipofectAMENE 2000 (Invitrogen) with a DNA / 
LipofectAMESfE 2000 ratio of 1.6 g/4 jil in a 4 cm 2 surface area as per manufacturer's 
instructions. After 72 hours, cells were fixed and stained with a 1:200 dilution of the 
TYRPl-reactive antibody MEL5 (Signet) as previously described (Wu et ah, J Cell Sci 
110:847-859 [1997]). 

EXAMPLE 10 
Bleeding Times 

Bleeding times were assayed in four C57B1/6J RabS^/RabSg** and four 
C57B1/6J animals, as described in the art (Sviderskaya et al, Genetics 148:381-390 
[1998]). Assayed mice were 6-12 weeks of age. A 2 mm portion of the tail was 
removed and the cut tail immediately immersed in saline at 37°C. Each mouse was 
maintained in a horizontal position in a restrainer with the tip of the tail held 4-5 cm 
below the body. Bleeding time was that required for the small stream of blood to stop 
abruptly. 

All publications and patents mentioned in the above specification are herein 
incorporated by reference. Various modifications and variations of the described 
method and system of the invention will be apparent to those skilled in the art without 
departing from the scope and spirit of the invention. Although the invention has been 
described in connection with specific preferred embodiments, it should be understood 
that the invention as claimed should not be unduly limited to such specific 
embodiments. Indeed, various modifications of the described modes for carrying out 
the invention which are obvious to those skilled in the art and/or related fields are 
intended to be within the scope of the present invention. 
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CLAIMS 



What is claimed is: 

1. An isolated nucleic acid comprising a sequence selected from the group 
consisting of SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:ll, and SEQ ID NO:12. 

2. The isolated nucleic acid of Claim 1, wherein said nucleic acid is 
deoxyribonucleic acid. 

3. An isolated nucleic acid, wherein said nucleic acid is the complement of 
the nucleic acid of Claim 1. 

4. A vector comprising the nucleic acid of Claim 1. 

5. A host cell comprising the vector of Claim 4. 

6. An isolated protein encoded by the nucleic acid sequence set forth in 
SEQ ID NO:9. 

7. A method for detecting mutations in Rab38 comprising the steps of: 

a) amplifying at least a portion of Rab38 from genomic DNA to 
yield a Rab38 amplification product; 

b) purifying said Rab38 amplification product; and 

c) sequencing said Rab38 amplification product 

8. The method of Claim 7, wherein said amplifying is accomplished using 
a polymerase chain reaction. 
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9. The method of Claim 7, wherein said at least a portion of Rab38 is 
selected from the group consisting of at least one Rab38 exon, at least one Rab38 
intron, the Rab38 5' untranslated sequence, and the Rab38 3' untranslated sequence. 

10. The method of Claim 9, wherein said at least one Rab38 exon is 
selected from the group consisting of Rab38 exon 1, Rab38 exon 2, and Rab38 exon 
3. 

11. The method of Claim 7, wherein said genomic DNA is mammalian 
genomic DNA. 

12. The method of Claim 7, wherein said purifying is accomplished using 
size selection. 

13. A method for detecting mutations in Rab38 comprising the steps of: 

a) amplifying at least a portion of Rab38 from genomic DNA to 
yield a Rab38 amplification product; 

b) digesting said Rab38 amplification product to yield a digested 
Rab38 amplification product; and 

c) electrophoresing said digested Rab38 amplification product 

14. The method of Claim 13, wherein said amplifying is accomplished using 
a polymerase chain reaction. 

15. The method of Claim 13, wherein said at least a portion of Rab38 is 
selected from the group consisting of at least one Rab38 exon, at least one Rab38 
intron, the Rab38 5' untranslated sequence, and the Rab38 3' untranslated sequence. 
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16. The method of Claim 15, wherein said at least one Rab38 exon is 
selected from the group consisting of Rab38 exon 1, Rab38 exon 2, and Rab38 exon 
3. 

17. The method of Claim 13, wherein said genomic DNA is mammalian 
genomic DNA. 

18. A method for screening for biologically active agents to modulate 
RAB38 activity, comprising the steps of: 

a) providing: 

i) melanocytes comprising RAB38 activity, and 

ii) a candidate agent; and 

b) exposing said melanocytes to said candidate agent to yield treated 
melanocytes; and 

c) measuring the modulation of said RAB38 activity of said treated 
melanocytes by said candidate agent. 

19. The method of Claim 18, wherein said RAB38 activity comprises 
GTPase activity. 

20. The method of Claim 18, wherein said RAB38 activity comprises GTP 
binding activity. 

21. The method of Claim 18, wherein said RAB38 activity comprises GDP 
release. 

22. The method of Claim 18, wherein said RAB38 activity comprises 
TYRP1 trafficking to melanosomes. 
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23. The method of Claim 18, wherein said RAB38 activity comprises 
RAB38 trafficking to melanosomes, 

24. A kit for screening for biologically active agents that modulate RAB38 
activity, comprising: a) plurality of melanocytes comprising RAB38 activity, wherein 
said melanocytes are provided within a container, and b) instructions for determination 
of RAB38* activity in said melanocytes. 

25. The kit of Claim 24, further comprising means to analyze RAB38 
activity. 

26. The kit of Claim 25, wherein said means to analyze RAB38 activity 
comprises an assay to assess GTPase activity. 

27. The kit of Claim 25, wherein said means to analyze RAB38 activity 
comprises an assay to assess GTP binding activity. 

28. The kit of Claim 25, wherein said means to analyze RAB38 activity 
comprises an assay to assess GDP release. 

29. The kit of Claim 25, wherein said means to analyze RAB38 activity 
comprises an assay to assess TYRP1 trafficking to melanosomes. 

30. The kit of Claim 25, wherein said means to analyze RAB38 activity 
comprises an assay to assess RAB38 trafficking to melanosomes. 

31. A kit for detection of mutations in RAB38 comprising at least two 
primer sequences suitable for amplification of at least a portion of RAB38, and 
instructions for utilizing said kit. 
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32. The kit of Claim 31, wherein said primer sequences are selected from 
the group consisting of SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID 
NO:20, SEQ ID NO:21, and SEQ ID NO:22. 

33. The kit of Claim 31, wherein said kit is suitable for use in the 
polymerase chain reaction. 

34. The kit of Claim 31, further comprising reagents for digesting nucleic 

acid. 

35. A kit for diagnosing defects in melanosome function, comprising 
melanocytes comprising RAB38 and instructions for assessing defects in melanosome 
function. 

36. The kit of Claim 35, further comprising means to analyze RAB38 
activity. 

37. The kit of Claim 36, wherein said means to analyze RAB38 activity 
comprises an assay to assess GTPase activity. 

38. The kit of Claim 36, wherein said means to analyze RAB38 activity 
comprises an assay to assess GTP binding activity. 

39. The kit of Claim 36, wherein said means to analyze RAB38 activity 
comprises an assay to assess GDP release. 

40. The kit of Claim 36, wherein said means to analyze RAB38 activity 
comprises an assay to assess TYRP1 trafficking to melanosomes. 
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41. The kit of Claim 36, wherein said means to analyze RAB38 activity 
comprises an assay to assess RAB38 trafficking to melanosomes. 
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ABSTRACT 

The present invention relates to compositions and methods involving 
melanocytes. In particular, the present invention provides compositions and methods 
involving RAB38 and mutant RAB38, suitable for use in modulation of pigmentation 
and for use in determining the means to diagnose and/or treat conditions associated 
with disorders in pigmentation. 
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SEQUENCE LISTING 



<110> Pavan, William J. 
Loftus, Stacie K. 

<120> Alteration Of RAB38 Function To Modulate Mammalian Pigmentatic 

<130> NIH-05102 

<160> 26 

<170> Patentln version 3.1 

<210> 1 

<211> 8 

<212> DMA 

<213> Mus musculus 

<400> 1 
ctgggtgt 

<210> 2 

<211> 8 

<212> DNA 

<213> Mus musculus 

<400> 2 
ctggttgt 

<210> 3 

<211> 34 

<212> PRT 

<213> Homo sapiens 

<400> 3 

Met Gin Ala Pro His Lys Glu His Leu Tyr Lys Leu Leu Val He Gly 
15 10 15 

Asp Leu Gly Val Gly Lys Thr Ser He He Lys Arg Tyr Val His Gin 
20 25 30 

Asn Phe 
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<210> 4 

<211> 34 

<212> PRT 

<213> Rattus norvegicus 

<400> 4 

Met Gin Thr Pro His Lys Glu His Leu Tyr Lys Leu Leu Val lie Gly 
1 5 

Asp Leu Gly Val Gly Lys Thr Ser lie He Lys Arg Tyr Val His Gin 
20 25 

Asn Phe 

<210> 5 

<211> 34 

<212> PRT 

<213> Mus musculus 

<400> 5 

Met Gin Ala Pro His Lys Glu His Leu Tyr Lys Leu Leu Val lie Gly 
! 5 

Asp Leu Gly Val Gly Lys Thr Ser lie He Lys Arg Tyr Val His Gin 
20 25 

Asn Phe 

<210> 6 

<211> 47 

<212> PRT 

<213> Homo sapiens 

<400> 6 

Met Ala Ser Ala Thr Asp Ser Arg Tyr Gly Gin Lys Glu Ser Ser Asp 
1 5 

Gin Asn Phe Asp Tyr Met Phe Lys lie Leu He He Gly Asn Ser Ser 



20 
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Val Gly Lys Thr Ser Phe Leu Phe Arg Tyr Ala Asp Asp Ser Phe 
35 40 45 

I 

<210> 7 

<211> 45 

<212> PRT 

<213> Homo sapiens 

<400> 7 

Met Ala Ser Arg Gly Ala Thr Arg Pro Asn Gly Pro Asn Thr Gly Asn 
15 10 15 

Lys lie Cys Gin Phe Lys Leu Val Leu Leu Gly Glu Ser Ala Val Gly 
20 25 30 

Lys Ser Ser Leu Val Leu Arg Phe Val Lys Gly Gin Phe 
35 40 45 

<210> 8 

<211> 28 

<212> PRT 

<213> Homo sapiens 

<400> 8 

Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Gly Gly Val Gly Lys 
15 10 15 

Ser Ala Leu Thr lie Gin Leu lie Gin Asn His Phe 
20 25 

<210> 9 

<211> 1439 

<212> DNA 

<213> Mus musculus 

<220> 

<221> raisc_feature 
<223> Sequence is mRNA. 
<400> 9 

acatagagct ccgggaaacg tcggtgccca gccccggctg tgcttcccag agcaagctcc 
aggctccgca agacccgcgg gcctccagga tgcagacacc tcacaaggag cacctgtaca 
agctgctggt gatcggcgac ctgggtgtgg gcaagaccag cattatcaag cgctatgtgc 
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accaaaactt ctcctcgcac taccgggcca ccattggtgt ggacttcgcg ctgaaggtgc 240 
tccactggga cccagagacg gtggtgcgct tgcagctctg ggacattgct ggtcaagaaa 300 
gatttggaaa catgacaaga gtttattacc gggaagctat gggggcattt attgtttttg 
atgtcaccag accagccaca tttgaagccg tggcaaagtg gaaaaatgat ttggactcaa 
agttaacgct ccctaatggt aagccagtgt cagtggttct gttggccaac aaatgtgacc 480 
aagggaagga tgtgcttatg aacaatggac tcaagatgga ccagttctgc aaggagcatg 
gcttogtagg atggtttgaa acatcagcca aggaaaacat aaacattgat gaagcctcaa 
gatgcctggt caagcacata cttgcaaatg agtgtgacct cctagagtct atagaaccgg 
acattgtgaa gccccatctc acatcgccca aggttgtcag ctgctctggc tgtgccaaat 
cctagaaggc tcctctgctg gcatatgaca gacagaaccc gtggccctca tgaatcgtgc 
JJ ttcagttttt ccttattacc attttgggta agcgtcagga tagggaagca catgtgacaa 840 

Ul gccaaagata catgactgta tggttcctgt caaagaggaa cagcaaatgt tctttatgtg 

J ttttcccacc ccatcagcac agtgtttaca agcttttaaa atattagtct gtcacaatat 

jfj gctgttttat cattgagcaa agccactcag ggacacagac agccctaata tttgttcctt 

taaatcaaca aaggcttctg gtcttcttga gaaggggaat aacagagcaa ggcagaggtc 
- aagctaagtg tggggatttg tcttgccctg gtgtgtcttt gttcaggtat caatttgttc 1140 

M- ccgggtggtc tgataggtct attaaataga aaccattcat ggtagaccta agggttgkct 1200 

j| gtgatgtttc tcttcagagt cgtgtgcaca ggcagcctgg gcttttgttg tcacttgctg 1260 

p tgccctgaat gctggtttaa ctgaaaactg tatggaaaga tctgctccct gtatgtgcct 1320 

^ ttctttcagc ttcctctgac tcaagctgca ggactcttct gtatgtggaa gatatattat 1380 

atatattttt cacaagtgaa aaataaaaca ttaaaaatgc tgtttccctg tttctgata 



<210> 10 

<211> 291 

<212> DNA 

<213> Mus musculus 

<400> 10 



acatagagct ccgggaaacg tcggtgccca gccccggctg tgcttcccag agcaagctcc 
aggctccgca agacccgcgg gcctccagga tgcagacacc tcacaaggag cacctgtaca 
agctgctggt gatcggcgac ctgggtgtgg gcaagaccag cattatcaag cgctatgtgc 
accaaaactt ctcctcgcac taccgggcca ccattggtgt ggacttcgcg ctgaaggtgc 
tccactggga cccagagacg gtggtgcgct tgcagctctg ggacattgct g 



360 
420 



540 
600 
660 
720 
780 



900 
960 
1020 
1080 



1439 



60 
120 
180 
240 
291 
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<210> 11 

<211> 281 

<212> DNA 

<213> Mus musculus 

<400> 11 j ^f^farra aaaacfctata aqagcattta 60 



Scaagaaag atttggaaac atgacaagag tttattaccg ggaagctatg ggggcattta 
ttgtttttga tgtcaccaga ccagccacat ttgaagccgt ggcaaagtgg aaaaatgatt 
tggactcaaa gttaacgctc cctaatggta agccagtgtc agtggttctg ttggccaaca 
aatgtgacca agggaaggat gtgcttatga acaatggact caagatggac cagttctgca 
aggagcatgg cttcgtagga tggtttgaaa catcagccaa g 
<210> 12 
<211> 868 



120 
180 
240 
281 



01 
Q 

^ <212> DNA 

<213> Mus musculus 

1 Jgaaaacata aacattgatg aagcctcaag atgcctggtc aagcacatac ttgcaaatga 60 

f gtgtgacctc ctagagtcta tagaacogga cattgtgaag ccccatctca catcgcccaa 120 

P ggttgtcagc tgctctggct gtgccaaatc ctagaaggct cctctgctgg catatgacag 180 

P acagaacccg tggcccbcat gaatcgtgct tcagtttttc cttattacca ttttgggtaa 240 

S gcgtcaggat agggaagcac atgtgacaag ccaaagatac atgactgtat ggttcctgtc 300 

S aaagaggaac agcaaatgtt ctttatgtgt tttcccaccc catcagcaca gtgtttacaa 

gcttttaaaa tattagtctg tcacaatatg ctgttttatc attgagcaaa gccactcagg 
gacacagaca gccctaatat ttgttccttt aaatcaacaa aggcttctgg tcttcttgag 
aaggggaata acagagcaag gcagaggtca agctaagtgt ggggatttgt cttgccctgg 
tgtgtctttg ttcaggtatc aatttgttcc cgggtggtct gataggtcta ttaaatagaa 
accattcatg gtagacctaa gggttgkctg tgatgtttct cttcagagtc gtgtgcacag 
gcagcctggg cttttgttgt cacttgctgt gccctgaatg ctggtttaac tgaaaactgt 
atggaaagat ctgctccctg tatgtgcctt tctttcagct tcctctgact caagctgcag 
gactcttctg tatgtggaag atatattata tatatttttc acaagtgaaa aataaaacat 
taaaaafcgct gfcttccctgt ttctgata 



360 
420 
480 
540 
600 
660 
720 
780 
840 
868 
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<210> 13 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 13 

gcgcgaatta accctcacta aagggtctga gcacccctgt cttct 
<210> 14 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 14 

gcgcgtaata cgactcacta tagggcccag ttgcaaaatt ccagt 
<210> 15 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 

<400> 15 ^ U4 _ 

gcgggtaata cgactcacta taggggccac aaacatgtcc tacttac 

<210> 16 

<211> 44 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 

<400> 16 

gcgcgaatta accctcacta aagggaagct tccggactct ctac 
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<210> 17 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 17 

taggaaggag gattaaaccc g 
<210> 18 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 18 

gaactcctca tggctcactc c 
<210> 19 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 19 

ggatatgaag ctccagtgta gtgtac 
<210> 20 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 20 

cactggacag aaacattatt gtcac 



<210> 21 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 21 

aagttatcag ccagtgagat actgtg 
<210> 22 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 22 

cacatgtggt atatctatcc tgacg 
<210> 23 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 23 

ggcctccagg atgcagacac c 
<210> 24 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 24 

ccagcaatgt cccagagctg c 



m 

<210> 25 
<211> 49 
<212> ENA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 25 

ggggacaagt ttgtacaaaa aagcaggctc catgcagaca cctcacaag 
<210> 26 
<211> 51 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 26 

ggggaccact ttgtacaaga aagctgggtt ctaggatttg gcacagccag 
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